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DERWENT - WEEK : 2 0 0152 

COPYRIGHT 2002 DERWENT INFORMATION LTD 

TITLE: Etching of silicon nitride film in semiconductor fabrication using mixture of 
fluorocarbon gas and inert gas 

Standard Title Terms: 

ETCH SILICON NITRIDE FILM SEMICONDUCTOR FABRICATE MIXTURE FLUOROCARBON GAS INERT GAS 
Standard Title Terms (1) : 
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Basic Abstract Text : 

DETAILED DESCRIPTION - A "pad oxide film (3), silicon nitride film (4) and photoresist 
film (5) are formed sequentially on Si substrate (2) . Then, photoresist layer is 
patterned to define the trench's length and width. The silicon nitride film is removed 
by reactive ion etching by applying pressure of 30-150 millitorr, simultaneously 
admitting methane trifluoride, carbon tetraf luoride, argon and oxygen at flow rate 
between 5-30, 5-45, 50-200, 100 SCCM respectively and initiating glow discharge at 
power level of about 300-900 watts. Using optical emission spectroscopy, the reactive 
ion etching is terminated. The pad oxide film is etched by another reactive ion etching 
by applying pressure of 50-150 millitorr, simultaneously admitting gas selected from 
group containing methane trifluoride, polymer forming fluorocarbon and fluorinated 
hydrocarbon, methane monofluoride and argon at flow rate between 5-20, 5-20 and 5-150 
SCCM respectively and initiating glow discharge at power level between 500-1200 watts. 
After elapse of predetermined time, the etching of pad oxide film is terminated. Then, 
breakthrough etch is performed at a pressure of 50-150 millitorr, simultaneously 
admitting carbon tetraf luoride at about 15-50 SCCM and initiating glow discharge at 
power level of about 300-600 watts. Then, breakthrough etching is terminated after 
elapse of 5-30 seconds. After terminating selective silicon etching to silicon 
substrate at predetermined time elapse, photoresist layer is removed. 

Basic Abstract Text (2) : 

DETAILED DESCRIPTION - A pad oxide film (3), silicon nitride film (4) and photoresist 
film (5) are formed sequentially on Si substrate (2) . Then, photoresist layer is 
patterned to define the trench's length and width. The silicon nitride film is removed 
by reactive ion etching by applying pressure of 30-150 millitorr, simultaneously 
admitting methane trifluoride, carbon tetraf luoride, argon and oxygen at flow rate 
between 5-30, 5-45, 50-200, 100 SCCM respectively and initiating glow discharge at 
power level of about 300-900 watts. Using optical emission spectroscopy, the reactive 
ion etching is terminated. The pad oxide film is etched by another reactive ion etching 
by applying pressure of 50-150 millitorr, simultaneously admitting gas selected from 
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group containing methane trifluoride, polymer forming f luorocarbon and fluorinated 
hydrocarbon, methane monofluoride and argon at flow rate between 5-20, 5-20 and 5-150 
SCCM respectively and initiating glow discharge at power level between 500-1200 watts 
After elapse of predetermined time; the etching of pad oxide film is terminated. Then 
breakthrough etch is performed at a pressure of 50-150 millitorr, simultaneously 
admitting carbon tetraf luoride at about 15-50 SCCM and initiating glow discharge at 
power level of about 300-600 watts. Then, breakthrough etching is terminated after 
elapse of 5-30 seconds. After terminating selective silicon etching to silicon 
substrate at predetermined time elapse, photoresist layer is removed. 
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TITLE: Rounding top corners of submicron silicon trenches - by etching with 
f luorocarbon argon nitrogen gas combination 

Ba sic Abstract Text : 

A method of rounding the top corners (265) of a trench in a semiconductor device 
comprises etching to round the corners using a f luorocarbon/argon/n itrogen gas mixture 
while maintaining critical dimension control. Also claimed is a method as above in 
whlch a silicon nitride layer is deposited and laterally etched to expose and round the 
top corners as the trench is formed. Preferably, the f luorocarbon is CF4 , the substrate 
is silicon and etching is performed in a low density parallel plate etch reactor. 

Basic Abstract Text (1) : 

A method of rounding the top corners (265) of a trench in a semiconductor device 
comprises etching to round the corners using a f luorocarbon/argon/n itrogen gas mixture 
while maintaining critical dimension control. Also claimed is a method as above in 
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which a silicon nitride layer is deposited and laterally etched to expose and round the 
top corners as the trench is formed. Preferably, the f luorocarbon is CF4, the substrate 
is silicon and etching is performed in a low density parallel plate etch reactor. 
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TITLE: Etching silicon nitride and silicon oxide film - involves applying neutral 
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TITLE: Two step plasma etch method for forming self aligned contact 
Abstract (1) : 

CHG DATE=19990617 STATUS=N>A method for forming a via through a silicon oxide layer. 
There is first provided a substrate. There is then formed over the substrate a 
patterned silicon nitride layer which defines a contact beneath the patterned silicon 
nitride layer. There is then formed over the patterned silicon nitride layer a silicon 
oxide layer. There is then etched the silicon oxide layer through a first reactive ion 
etch (RIE) method employing a first etchant gas composition comprising a f luorocarbon 
etchant gas to form: (1) an etched silicon oxide layer which exposes the contact 
without substantially etching the patterned silicon nitride layer; and (2) a 
f luorocarbon polymer residue layer formed upon at least one of the etched silicon oxide 
layer and the patterned silicon nitride layer. Finally, there is stripped from the 
substrate the f luorocarbon polymer residue layer through a second reactive ion etch 
(RIE) method employing a second etchant gas composition comprising carbon tetraf luoride 
and oxygen. The method may also be employed in general for etching silicon oxide layers 
in the presence of silicon nitride layers. Similarly, the method may also in general be 
employed in removing f luorocarbon polymer residue layers from integrated circuit layers 
including but not limited to silicon oxide layers and silicon nitride layers. 
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TITLE: Process for selectively etching a layer of silicon dioxide on an underlying st 
layer of silicon nitride 


Abstract (1) : 

More specifically, a process is provided for etching a multilayer structure to form a 
predetermined etched pattern therein. The subject process comprises providing the 
multilayer structure having a plurality of structural layers. The structural layers of 
the multilayer structure comprise a silicon dioxide outer layer on an underlying 
silicon nitride stop layer. Then, a chemical etchant protective layer is formed on a 
major surface of the multilayer structure having a predetermined pattern of openings, 
thereby exposing areas of the silicon dioxide outer layer corresponding to the 
predetermined pattern of openings. The exposed areas of the silicon dioxide outer layer 
are then etched down to the silicon nitride stop layer, at a high Si02 etch rate and at 
a high level of selectivity of the Si02 etch rate with respect to the Si3N4 etch rate, 
with a fluorinated chemical etchant system. The fluorinated chemical etchant system 
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includes an etchant material and an additive material. The additive material comprises 
a fluor ocarbon material in which the number of hydrogen atoms is equal to or greater 
than the number of fluorine atoms. The etching step forms a substantially predetermined 
etch pattern in the silicon dioxide outer layer in which the contact sidewalls of said 
Si02 outer layer are substantially upright. 
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substrate. Selectivity is obtained between the two dielectric materials, 
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de etches considerably faster than nitride (or silicon rich silicon 
e of the selectivity of oxide to nitride. A further object of the 
on is to provide an etching process wherein the silicon dioxide on the 
rectionally etched in a fluorocarbon gas to form silicon dioxide spacers 
and the substrate surface ist protected by an etch stop composed of the 
or silicon rich silicon dioxide material. 
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DISCLOSURE TITLE: Multiple Sidewall Process for Trench Masks 
PUBL I CAT I ON - DATA : 

IBM Technical Disclosure Bulletin, January 1987, US 

VOLUME NUMBER: 2 9 

ISSUE NUMBER: 8 

PAGE NUMBER: 3 724 - 3725 

PUBLICATION-DATE: January 1, 1987 (19870101) 
CROSS REFERENCE: 0018-868 9-29-8-3724 
DISCLOSURE TEXT: 

- This article relates generally to integrated circuit fabrication and, more 
particularly, to the formation of trenches having high aspect ratios. Deep, narrow 
trenches of sub-micron dimensions can be formed with standard optical lithography by 
first etching a wide trench and reconstructing walls to form narrow trenches. In Fig. 
1, oxide layer 1 is either deposited or grown on substrate 2 to the thickness necessary 
to mask the trench etching. Layer 1 is masked and an area is etched with a f luorocarbon 
and hydrogen to leave wide trench 3 with a shallow oxide coating 4 at the bottom of the 
trench. In Fig. 2, silicon nitride spacers 5 are formed on the trench sidewalls, 
followed by deposition of silicon dioxide spacers 6 on spacers 5. The oxide surface is 
again oxidized for protection. In the next step seen in Fig. 3, nitride spacers are 
removed by a highly selective wet chemical or dry etch, such as hot phosphoric acid or 
a f luorocarbon and oxygen plasma etch . This leaves trenches 7 that can be transferred 
into the silicon. This process permits the nitride deposition to determine the trench 
widths and their spacing to be controlled by the oxide deposition. The number of 
trenches is controlled by the original area imaged. 
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PUBLICATION-DATE: October 1, 1986 (19861001) 
CROSS REFERENCE: 0018-868 9-2 9-5-2184 
DISCLOSURE TEXT: 

- This article relates generally to semiconductor fabrication and, more particularly 
to construction of guard rings for butted emitters to prevent punch- through Single 
added implantation step during fabrication of NPN transistors having butted ' emitted 
produces a thicker guard ring to prevent emitter-collector punch- through The 
nitrideT^ pr ° Ces * ls A ** f °^ lows : In Fi 9- l^ers of silicon dioxide 1 and silico n 
" ltr t de I «e deposited on silicon substrate 3. Photoresist 4 is deposited exp osed an d 

tl el 7f fc 5 o 6fi r th ! aCtiVe d6Vice region - Boron imP^ntation is P perf ormed through 

^, 1 1 and 2 and produces "transverse straggle" in areas 5 to form the guard ring 
^" a ; l ayer 1 and the mask °P e "ing- In Fig. 2, reactive ion etching (Rll) is then 
used to form an opening through the exposed silicon dioxide 1 and silicon nitride 2 
into substrate 3. RIE is important since it does not etch laterall y to remove imp lanted 
boron beneath photoresist 4. Thereafter, the photoresists stripped and recessed oxide 

outward^ ^ , latter St6P ' the b ° r0n ionS in implantatiofareas 5 disuse 

outwardly enlarging those areas at the edges of the recessed oxide 6, forming the ouard 

3 ln and n IT ^T* 1 and SUic ° n nitride layer 2 are then removeS as in Fig 

3, and p- type intrinsic base 7 and n-polysilicon emitter 8 are formed. Arsenic ions 

be°n J h S STiZ dlffUSS int ° thS SiliC ° n t0 f ° rm a shallow n ^tter region 9 It will 
be noted that the p-type intrinsic base is thinned at the butted edges due to 
processing steps The thicker guard ring causes no performance degradation and the 

dos^A vSatLn in g th rd ^ C ° ntrolled ^ varying the boron impLntftion 

imolanL^n It * guard ring formation is to strip the photoresist after boron 

ZZlllrt It '-5 S P erfo f m high temperature annealing. This drives the boron further 
S^r^o^ 6tChin * is *»• in a fluorocarbon-oxygen 
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PAGE NUMBER: 6131 - 6142 

PUBLICATION-DATE: April 1, 1983 (19830401) 
CROSS REFERENCE: 0018-8689-25-11B-6131 
DISCLOSURE TEXT: 

12p ; In the conventional fabrication of recessed thick silicon dioxide, commonly used 
to isolate MOSFETs and N/+/ diffusions, the boron concentration thereunder is increased 
by means of ion implantation of boron. There results high threshold voltage for the 
recessed silicon dioxide without having to grow it extremely thick. After the 
implantation, several heat cycles grow thick and thin silicon dioxide. Consequently 
the implanted boron under the thick silicon dioxide spreads into non recessed silicon 
dioxide regions wherein MOSFET 's and N diffusions are formed. This situation is 
illustrated by the cross-section of Fig. 1 along the width direction of a MOSFET and an 
N/ + / diffusion. - In Fig. 1, it is noticed that the P-type doping concentration 
surrounding the perimeter of the N/+/ diffusion has been increased by the spread of the 
boron implanted under the recessed silicon dioxide isolation (ROI) . This leads to 
increased perimeter junction capacitance (Cp) , by a factor of 2 or 3 and lowered 
junction breakdown voltage, threshold voltage then goes up with narrowing channel width 
as the extent of the boron penetration becomes comparable with it. Over a distribution 
of MOSFET devices, this effect increases the threshold voltage sigma since boron spread 
does not track channel width. This effect is distinct from the well-known rise in 
threshold voltage when the total depleted bulk charge adjacent to the channel edges is 
large relative to the bulk charge under the channel. This second width efffect on 
threshold voltage is probably intensified by increased boron doping around the channel 
edges since the adjacent depleted bulk charge is proportional to the (boron doping) (see 
original) . K In addition to these adverse electrical effects, conventional growth of 
recessed silicon dioxide also produces the "bird's beak" structure which sets the 
minimum width of the isolating field regions in a VLSI chip at a higher level than 
required by electrical or photo graphic considerations. Such minimum width can be 
reduced by growing less thick silicon dioxide. However, if the thick silicon doxide 
threshold voltage, is to remain unchanged, the circuits have to be designed to absorb 
higher Cp, lower BV, and higher active device threshold voltage all resulting from 
having to increase boron dosage to compensate for the less thick field silicon dioxide. 
- In what follows, four fabrication sequences are described to offset the field boron 
implant away from the perimeter of the active device regions so that the boron 
concentration at the common boundary of field and active regions can be independently 
set at a level different from that inside the field regions. The first process sequence 
yields a semi-recessed field oxide structure, while the others yield fully recessed 
field oxide structures. Measures are taken in all processes to prevent the growth of 
bird's beak. - The first process sequence to offset the field implant and avoid bird'; 
beak is as follows: (1) Start with a P-type substrate 1. Thermally grow a 50 nm silicon 
dioxide layer 2. Next, use chemical vapor deposition (CVD) , to form a silicon nitride 
layer 4 of 50 nm in thickness. Polysilicon layer 6 is then deposited to about 250 nm 
Its conductivity is made N/+/ by phosphorus doping from a P0C1 source, and thus 
enhances the oxidation rate during step (4) below. A second silicon nitride layer 8 is 
deposited on 6 to be twice as thick as the first silicon nitride layer 4, as seen in 
Fig. 2. - (2) Spin a positive photoresist layer on layer 8 and define field regions 9 
using a first masking operation. Harden the developed photo resist in a f luorocarb on 
plasma. - (3) Reactive ion etch (RIE) through layers 8 and 6 to expose layer 4. - 
Active device regions lO are -eft covered with pedestals composed of polysilicon layers 
6 and silicon nitride layer 8. Having used RIE, the pedestal sidewalls 6' are almost 
vertical. At this point, a low dose boron implant may he used to form a P-type 
subsurface layer 12 of higher concentration than that of the substrate 1, as shown by 
Fig. 3. The P-type concentration of layer 12 should be chosen just high enough to avoid 
inversion problems around the perimeter of active device regions 10. - (4) Cover 
polysilicon sidewalls 6' with a thermal silicon dioxide wall 14 of a thickness designed 
to offset the perimeter of the subsequent boron field implant away from the device 
regions 10. For state of the art processing, a 500 nm thick wall is adequate and 
requires about one hour of wet oxidation of the N/ + / polysilicon layer 6. - Notice that 
the perimeter of the active device regions 10, as defined by the sidewall 6», has moved 
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inwards, thus compensating for the expected lateral spread of boron from layer 12 

Next, a blanket implant of a boron dosage in the 10/13/ ion/cm/2/ range at about 55 KeV 

tormsthe P/+/ layer 16 in the field regions 9 of the substrate to complete Fig 4 - 

(5) Dip etch in buffered HF to remove silicon dioxide walls 14, as shown in Fig 5* - 

(6) Remove the exposed portions of layer 4 by RIE, as seen in Fig. 6. Second silicon 
nitride layers 8 are not wholly etched since they are twice as thick as layer 4 . - (7) 
nip etch in buffered HF to remove silicon dioxide layer 2 and slightly undercut what 
remains of silicon nitride layer 4. - (8) CVD a 250 nm silicon nitride layer 18 to form 
the Fig. 7 structure. - (9) RIE using CF -H gas to remove flat portions of silicon 
nitride layer 18 and leaving vertical sidewalls in place, as shown in Fig. 8. Silico n 
nitride layer A will not be removed if etching time is well controlled. Thus, 
polysilicon blocks 6 are completely covered with silicon nitride during the oxidation 
that follows. - (10) Grow dry wet dry semi - recessed silicon dioxide over field regions 

9 to that thickness which in conjunction with P layer 16 meets the desired thick-oxide 
threshold voltage for the completed ROI in Fig. 9. Silicon nitride layer 18 is in 
direct contact with the surface of substrate 1, thus preventing oxidation under active 
device regions 10 or bird's beak. - (11) Suitable dip etching or RIE are used to remove 
the oxide polysilicon-nitride structure covering the active device regions 10 to 
complete the structure shown in Fig. 10. The structure is then ready for fabrication of 
MOSFETs and N/+/ diffusion and polysilicon interconnections in region lO and over the 
semi-recessed silicon dioxide regions 20. - This first process sequence can be modified 
to yield a fully recessed silicon dioxide structure. The necessary modifications are as 
follows. First, silicon nitride layer 3 is deposited as thick as layer 4 so that it is 
completely removed during step 6, and the heavy dose boron implant in step 4 is 
postponed. The structure is shown in Fig. 11. - Steps (7), (8) and (9) are followed 
without modifications. Then, before growing thick silicon dioxide as in step (10), RIE 
exposed the polysilicon layer 6 and the substrate. The substrate field regions can be 
etched deeper than the thickness of polysilicon layer 6 since silicon nitride layer 4 
masks against further etching into the active device region 10, as seen in Fig. 12. - 
The fully- recessed silicon dioxide' structure is completed by blanket implantation * of 
P/+/ layer 16 and thermal growth of thick silicon dioxide 20, as shown in Fig. 13 . - In 
this second process, the spacing between the P/+/ layer 16 and device region 10 is 
determined by the relatively thin sidewalls 18. Larger spacings are obtained with the 
following third process. - (1) As in the above second process, form a stack made up of 
SO nm of thermal silicon dioxide layer 2; 50 nm of " CVD. silicon nitride layer 4; 500 nm 
of N polysilicon layer 6; a second silicon nitride layer 8 as thick as the first layer 
4; and a top lying 50 nm layer 29 of CVD silicon dioxide. Layer 29 was not required in 
the first and second' processes . Its purpose is to protect silicon nitride layer 8 
during the first RIE etching in step (2) . - (2) After defining the isolation pattern in 
the photoresist, RIE through the stack down to layer 4. ROI will be formed within these 
etched regions surrounded by active device regions 10, as shown in Fig. 14. It is 
important to etch this hole with near vertical sidewalls to be able to preserve the 
resolution of the ROI boundary after the lateral oxidation of the polysilicon layer 6 
in step (4) . - (3) Ion implant a light boron dose to form layer 12 which will determine 
the doping concentration around the ROI boundary. Dip etch in buffered HF to remove 
what remains of silicon dioxide layer 29, as shown in Fig. 15. - (4) Oxidize in a wet 
ambient or a low- temperature high-pressure oxidation chamber to form silicon dioxide 
walls 14 on exposed polysilicon sidewalls, as shown in Fig. 16. Since polysilicon layer 
6 is sandwiched between silicon nitride layers 4 and 8, silicon dioxide 14 does not 
have a bird's beak. Hence, the ROI boundary offset by this oxidation can be controlled 
in the sub-micrometer range, a necessary attribute of the technique if it is not going 
to significantly reduce the active device area. - (5) RIE exposed portions of silicon 
nitride layer 4 and what remains of the second silicon nitride layer 8 . Continue this 
etching to remove exposed silicon dioxide layer 2 to complete Fig. 17. This etching 
also reduces the height of the silicon dioxide walls 14. - (6) Using low pressure CVD, 
deposit silicon nitride layer 26 conforming to the profile of the structure. The 
thickness of this layer should be less than half the height of the step formed by 
layers 2, 4 and sidewall 14, but no less than 100 nm. - (7) RIE using CF(4)-H(2) gas to 
remove flat ^ portions of layer 26, only leaving sidewalls 26' in place, as seen in Fig. 
18.- (8) Dip etch in buffered HF to remove silicon dioxide walls 14. - (9) RIE exposed 
regions of the substrate and what remains of polysilicon layer 6/ The depth of the 
trench 28 etched in the subtrate can be larger than the thickness of polysilicon layer 
6 since silicon nitride layer 4 masks the substrate of active device regions 10 once 
polysilicon layer 6 has been consumed, as seen in Fig. 19. The opposite situation, when 
the trench depth is less than the polysilicon thickness, is not probable since ROI 
trenches are at least 250 nm, which is enough polysilicon thickness to make the size of 
the step mentioned in (6) high enough so that the spacer 26' formed thereon are are at 
least 100 nm wide. Notice that what remains of layer 12 has been determined by the 
silicon dioxide growth of step (4) and the silicon nitride deposition and anisotropic 
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etching of steps (6) and (7) , both of which are well controlled processes and, likewise 
for the amount of boron doping remaining in 12*. In the first and second processes 
given in conjunction with Figs. 2-13, the polysilicon oxidation in step (4) was 
bypassed leaving the spacers 26' (18 1 in Figs. 213) solely determining the extent of 
12' (compare the cross-section of Fig. 19 with that of Fig. 12). These first and second 
processes would be chosen when the 

amount of boron needed to dope the channel stopper around the ROI perimeter is small 
as, for instance, for shallow trenches. - (10) Blanket implant boron to form P(+) layer 
30 at the bottom of trench 28. - (11) Deepen and fill the trench 28 with thermal 
silicon dioxide 31 until its surface is coplanar with layer 2. This heat cycle, 
typically lasting between 2 and 3 hours, drives the boron in layers 12' and 30 to form 
merging channel stoppers around the sidewalls and bottom of the ROI structure, 
respectively. Moreover, the silicon nitride spacers 26' prevent the growth of bird's 
beak. The ROI structure is completed by dip etching in warm phosphoric acid to remove 
nitride layers 4 and spacers 26 • , as seen in Fig. 20. - A fourth process to form P(+) 
-channel stoppers on the sidewalls of a fully recessed oxide isolation in given wherein 
the process sequence is that of Figs. 14-17 up to and including step (5) thereof. - The 
fourth process continues at the point of Fig. 17 as follows: (1) RIE in SF(6) or SF(6) 
+ CI (2) to form trenches in the substrate with vertical walls and remove what remains 
of polysilicon layer 6. Layer 4 masks the substrate thereunder after all of layer 6 is 
removed . 
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lp. Silicon nitride may be etched under relatively mild conditions by employing an 
ammonium bifluoride and water solution as the etchant, and standard negative or 
positive photoresist material as the etchant resist. - Unless the silicon nitride has 
been freshly deposited, surface pretreatment is required before etching. The 
pretreatment comprises cleaning the surface of the silicon nitride in a strongly 
oxidizing medium, such as a 9 : 1 mixture of sulfuric and nitric acids. The cleaned 
surface is purged of moisture, for example, by placing in a vacuum oven for at least 
thirty minutes at 200 degrees C or by applying a silizane material such as HMDS, spin 
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drying, applying a f luorocarbon material such as FREON* , spin drying, and then baking 
in an oven at 16 0 degrees C. - Immediately after drying the cleaned surface, 
conventional photoresist procedures are carried out for selectively masking the silicon 
nitride to be etched. The masked silicon nitride is etched in a solution of ammonium 
bifluoride (NH(4)HF(2)) in deionized water. The formal concentration should be in the 
range 0.5+/- 0.05, to yield an etch rate of approximately 75 angstroms per minute at 90 
degrees C. For resist materials that tend to flow at the aforementioned temperature, 
the temperature may be reduced to 8 0 degrees C with a corresponding reduction in etch 
rate of approximately 3 0 angstroms per minute. * Trademark of E . I. du Pont de Nemours 
& Co. 
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